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Outline
• Vale has operated a number of underground mines in the Ontario Operations in Sudbury for over a century. Geomechanics challenges are predominant and include both gravity-driven and burst-prone ground failure conditions, further exasperated by variable rock mass characteristics and ever-increasing mining depths.
• Ground support systems in two challenging areas are presented in this paper: Why underhand mining becomes more and more popular in highly stressed ground condition?
• It is a safer method of mining in highly stressed ground because:
• it reduces the risk of worker exposure to highly-seismic solid ground in the back, and; • it allows mining to take place underneath the backfill (an engineered product) that requires a ground support system for stabilizing the gravity-driven risks only.
• Two examples of underhand mining at Vale operations: 1. Coleman Mine, 153 orebody:
• underhand cut and fill in narrow vein sill pillars 2. Creighton Mine, Division 6 (below 6400 level):
• The deep ore zones are mined with a pillar-less open stoping and a top-down center-out sequence
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Underhand cut and fill mining in narrow vein sill pillars
Ground support system when mining underneath the consolidated sandfill depends on sandfill strength/quality and drift span.
• Sandfill segregation forms cold joints • Recent test results reveals that sandfill strength @28 days is inconsistent and does not achieve > 1 MPa average strength.
Sandfill quality/strength:
Sill mat to be placed for the underhand Cut and Fill (UCF) sill pillar mining (for Person-entry)
• Sill mat must be installed before pouring sandfill to reduce the risk of formation of cold joints in the sandfill mass.
Gabion mesh type
Helicopter type
Underhand cut and fill mining in narrow vein sill pillars (continued)
16 (Stone, 1993) • Empirical analysis reveals that Uniaxial Compressive Strength (UCS) of 1.0MPa is required for a drift span up to 4.5m.
Back support :
 If backfill strength is less than 1MPa, a minimum of 75mm thick shotcrete is required to be part of the support system for a drift span up to 4.5m, and  Longer bolts, 1.8m long Swellex with #6 gauge screen, are required on top of the shotcrete.
Underhand cut and fill mining in narrow vein sill pillars (continued) 18
Ground support system and mining procedure when drifting (3.0m high x up to 4.5m wide) underneath the consolidated sandfill (<1MPa @28 days) in the UCF with Stoper & Jack Leg?
• Prep face • Drill 2.4m round as per layout • Load and blast based on the Mine standard • Muck out heading • Apply a minimum of 75mm thick plain shotcrete or steel fiber reinforced shotcrete to Base Of Rail.
• Allow shotcrete to cure a minimum of 8 hours with accelerated mix (or 2 hours for rapid-set shotcrete) • Install #6 gauge screen with 1.8m long Swellex in the back and 1.8m long split sets on the walls at a 1.2m x 1.0m pattern. ** Resin rebar can be used in the back to replace Swellex in solid ground.
• Secondary support may be required depending upon the opening span. 
